Summary &horbar; Rice straw (Rs) was treated by a sodium chlorite/acetic acid mixture (Sct), ammoniation (At) and alkaline hydrogen peroxide (Athp) methods. The objective was to compare their degradation and fermentation products in the presence or suppression of anaerobic fungi. Significant differences (P< 0.01) in degradation of straws were observed during all periods of incubation with Sct having the highest digestibilities during the 48-h and 72-h incubations. The degradation of Sct straw was highest in both of the incubations with whole rumen fluid (WRF) and WRF plus cycloheximide. In sacco digestion followed the order of Sct > At > Rs > Athp. Suppressing fungal activity with cycloheximide resulted in a decrease in dry matter degradation, with concomitant decrease in total volatile fatty-acid concentration. While the suppression of fungal activity with cycloheximide depressed acetate and butyrate production, it favored an increase in propionate production. 
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rice straw I rumen microbe I cycloheximide I fermentation Résumé &horbar; Effet de 3 traitements chimiques sur la fermentation in vitro de la paille de riz par les microbes du rumen, en présence ou après suppression des champignons anaérobies. L'objectif de cette étude était de comparer la dégradation et les produits de (1987) and Cann et al (1993b) observed that treatment with sodium chloride/acetic acid mixture (Sct) decreased lignin content but also drastically depressed intake by sheep. This reduced intake of Sct-chaffed barley straw has been attributed to the fungicidal effect of the treated straw (Elliot et al, 1987) . However, it has been reported by Windham and Akin (1984) that suppressing fungal activity in vitro did not decrease dry matter degradation of ground alfalfa and coastal bermuda grass.
To investigate the discrepancy, an experiment was conducted to assess the effect of sodium chlorite/acetic acid mixture treatment of rice straw on its degradability by mixed rumen bacteria. The degradability of this material was also compared with ammoniated rice straw and alkaline hydrogen peroxide treatment in the presence or absence of rumen fungi.
MATERIALS AND METHODS

Substrates
Rice straw (Rs) was treated chemically by 3 methods, namely, ammoniation at 3 g NH 3 /100 g DM (At) (Cann et al, 1991 ) , alkaline hydrogen peroxide treatment (Athp) (Lewis et al, 1988) and sodium chlorite/acetic acid mixture treatment (Elliot et al, 1987) . During Athp treatment, NH 4 0H was used as the alkali instead of NaOH.
The treated straws were ground through a 1-mm screen in a Wiley mill and used as substrates.
Substrate characteristics
Dry matter (DM), neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose, cellulose, lignin and ash were determined as described elsewhere (Cann et al, 1991) . X-ray diffraction was performed with a Mini Flex X-ray diffractometer (Rigaku-denki Co), operated under the following conditions: X-ray tube 30 kV, 10 mA; scanning speed 2'/min; divergence slit 1 °; receiving slit 0.3 mm; time constant 2 s; irradiation CuKa, eliminating Kp with an Ni-filter.
Microbial inoculum
Two sheep cannulated in the rumen and maintained daily on 600 g of alfalfa hay cubes and 200 g of a commercial formula feed (a grain and mineral supplement, crude protein 12%, total digestible nutrients (TDN) 72%) for beef cattle were used as donors of rumen fluid. Rumen fluid 200 ml/sheep was removed just before offering the morning feed (9.00 am), mixed together and squeezed through 4 layers of surgical gauze. The strained fluid was mixed with a pre-heated (39°C) McDougall's buffer (McDougall, 1948 ) in a ratio of 1:2 and used as inoculum (WRF). The microbial characteristics (table I) of the rumen fluid were determined as described previously (Cann et al, 1993c) .
In vitro studies
Substrates of weight 0.5 g from the respective straws (Rs, At, Athp and Sct) were weighed into 70 ml bottles with 4 replicates per sample. The bottles were flushed with an oxygen-free C0 2 , prepared by passage through a column of heated copper filings, for 2 min and 25 ml of inoculum (WRF) dispensed into each of the bottles and sealed under anaerobic conditions. To suppress fungal growth, 3 ml of cycloheximide (C- (Cann et al, 1991) . ).
In sacco study
In this investigation, 0.5 g of each sample was weighed into a nylon bag with pore size 5 gm.
Samples were then incubated in the rumen of the sheep donating the rumen digesta for the in vitro experiment, in a random fashion, over the periods stated above. After withdrawal, the nylon bags were washed gently with distilled water and the digestibility determined as described in the in vitro study.
Statistical analysis
The results were analyzed by analysis of variance and Duncan's multiple range test (DMRT) used to separate the means (Duncan, 1955) .
RESULTS
The treatments involving washing (Athp and Sct) in the present experiment significantly (P < 0.01) increased NDF with a further increase being observed in ADF content of Athp (table II) . An increase in cellulose was observed for Athp and Sct. Lignin content decreased in At and Sct with the most significant (P < 0.01) decrease occurring in the latter. The ash content of Athp was significantly (P < 0.01) higher compared to the other straws. The X-ray diffraction patterns (fig 1) showed a relative increase in the broad peak be- (fig 2c) . The yield of total volatile fatty acids during the fermentation followed the pattern observed for digestion (fig 3) . The total volatile fatty-acid concentration was highest (P < 0.01) during the 48-h and 72-h incubation for Sct. (fig 1) may reflect the relative increase in the cellulose content due to the 2 treatments. The increases in NDF and ADF proportions observed for Athp were also obtained by other workers using wheat straw (Lewis et al, 1988) . On the other hand, using NaOH as the alkali in the alkaline hydrogen peroxide treatment decreased lignin content about 5 percentage units (Lewis et al, 1988) . However, in the present experiment, this response was not observed probably due to NH 4 0H being a weaker base than NaOH.
The increased degradation of At was expected as has been reported in previous studies (Graham and Aman, 1984; Cann et al, 1991) . The higher digestibilities of At and Sct compared with Athp and Rs can be explained by the decrease in lignin content, which is one of the major limiting factors of digestion, in At and Sct. The decreases in lignin in At and Sct agree with findings reported elsewhere (Brown et al, 1987; Cann et al, 1993b) . The fact that the degradation of Sct during the 48-h and 72-h incubations was 17% and 12% units, respectively, above that of At could be explained by the further decrease in lignin content of Sct, and supports the previous assumption that the decrease in the intake of Sct by sheep may not be due to microbial factors but rather to animal factors such as reduced palatability (Cann et al, 1993b) . The rumen is a complex ecological system in which the numerous microorganisms present are inter-dependent.
The removal of the microbes from their natural habitat is likely to have adverse effects on those organisms most susceptible to micro-environmental changes. That the degradation of the straws in the in sacco experiment is higher than that for the in vitro studies, may thus be attributed to a decrease in the efficiency of the microbial inter-relationship in the in vitro environment. The effect was more pronounced in the more easily digestible straw (At and Sct).
The use of cycloheximide in the present experiment to suppress fungal activity resulted in higher propionate proportions with decreasing butyrate proportions (tables III and IV). The significantly higher proportion of propionate resulting from Sct fermentation was shown to be due to the fungicidal effect of Sct (Cann ef al, 1993b; Elliot et al, 1987) . The A:P ratio of less than 1 is rarely encountered during the fermentation of fibrous materials (Miron and Ben-Ghedalia, 1987; Cameron et al, 1991; Cann et al, 1991 The suppression of the anaerobic fungi leading to a higher propionate proportion at the expense of acetate proportion has been demonstrated by using other antifungal substances, namely polyoxin D (Cann et al, 1993a,b) and monensin (Elliot et al, 1987) . The results of the present experiment, therefore, show that the suppression of rumen fungi may decrease the microbial degradation of fibrous materials and will surely shift the fermen-tation toward increased production of propionate while suppressing the acetate pathway. This view is consistent with the finding that rumen fungi produce acetate but not butyrate (Mountfort and Asher, 1985) . Rumen methane is mainly produced by the reduction of C0 2 with hydrogen gas. The carbon dioxide originates from the conversion of pyruvic acid to acetate. Methane production is a by-product of high energy value. A decrease in the production of acetate will, therefore, minimize this waste in the fermentation process. In addition, propionate is more efficiently used by tissues with 17-18 mol ATP resulting from the oxidation of propionate while only 10 mol ATP are produced from the oxidation of acetate. Cycloheximide, which totally inhibited fungal growth, is a protein synthesis inhibitor (Pelczar et al, 1977) . Windham and Akin (1984) indicated that some protozoa, especially the holotrichs, retain some activity in the presence of this antibiotic. The entodiniomorphid and holotrichs found in the rumen samples used in the present experiment produce butyrate as an end-product of metabolism (Williams and Coleman, 1988) . The decrease in butyrate proportion during (B + P) fermentation may be due to the effect of cycloheximide on the rumen protozoa. In addition, this limited suppressive effect of the antibiotic on rumen protozoa may have influenced the extent of degradation of plant material by the rumen microorganisms (fig 2b) . Whereas the decrease in the degradation during incubation with B + P cannot be entirely attributed to fungal suppression, the addition of this antibiotic (cycloheximide) resulted in a fermentation pattern similar to that reported for other antifungal substances (Elliot et al, 1987; Cann et al, 1993a,b) . The effect of cycloheximide inclusion resulting in lower digestibilities during the 48-h and 72-h incubations also throws light on the importance of rumen fungi during the later stages of fermentation when more refractory materials remain in the fermentation system.
The significantly low pH (table III and IV) during Sct fermentation was inconsistent with the results in vivo with sheep, where the ruminal pH of the animals being fed Sct was between 6.8 and 6.9 (Elliot et al, 1987; Cann et al, 1993b) . This observation is explained by the buffering ability of the rumen ecosystem.
